The effect of ascorbigen and 1'-methylascorbigen on the disease resistance of bean (Phaseolus vulgaris L.,. cv. Debreceni Tarka) to the fungal pathogen Uromyces phaseoli Pers. is reported. Contrary to ascorbigen, pretreatment of bean plants with 1'-methylascorbigen, as in the case of other endogenous N-, O-and S-methyl compounds, induced the double immune response leading to the biochemical immunization of plants. The effectiveness of protection depended on the dosage of the applied 1'-methylascorbigen and on the time interval between the chemical pretreatment and inoculation. Results of our greenhouse experiments revealed, in accordance with previous results, that the presence of the N-methyl group in the 1'-methylascorbigen molecule is the precondition of the effect, and formaldehyde formed from this N-methyl group and its reaction products (e.g. singlet oxygen, ozone) can have a determining role in the manifestation of the effect.
Plants possess a natural, genotype-dependent, innate defense system of disease resistance [1a,1b] and an adaptive, induced (acquired) resistance potential [2a-2c] . Induced resistance, which means the improvement of the natural resistance of plants, can be activated by biotic (e.g. avirulent forms of pathogens) and abiotic (e.g. chemical treatment) inducers. Although, plants do not possess cellular elements in their defense system, some of the molecular mechanisms involved in immune systems of mammals and insects are either similar to or the same as those underlying plant disease resistance responses [3a] . Terms such as "immune system", "immunization", "immune strategies" and "plant immunity" are currently used in the literature [2a,3a,3b] .
A new approach to systemic induced resistance is the pretreatment of plants with endogenous N-, O-or Smethylated compounds (e.g. quaternary ammonium compounds) as inducers before inoculation. Tyihák and coworkers [4a] reported for the first time the induction of disease resistance in bean plants to Uromyces phaseoli by N ε -trimethyl-L-lysine (TML). They observed a special "immune response" of the host plants: low infection rates at 10 -3 and 10 -9 mol L -1 concentrations of the applied TML after an induction time of 6 days (time interval between pretreatment and inoculation). On the basis of numerous experiments (inducers: glycinebetaine, choline, N,Ndimethyl-L-tyrosine, etc.) it can be concluded that the inducer acts within two concentration ranges characterized by low infection rates, that is, this phenomenon is dose dependent. After 2 days' induction time these ranges are around 10 -3 -10 -6 and 10 -10 -10 -13 mol L -1 , respectively [4b,4c] . Between these "active" ranges there is always an "inactive" range (5-7 decimal concentration units) with a high rate of infection. This phenomenon is called the "double immune response" [4b,4c] . The degree of protection also depends on the induction time. The time dependence of the double immune response is manifested by the shift of the two active concentration values; the inactive range between them remains the same [4c].
There is a primary formaldehyde (HCHO) cycle in biological systems in which the S-methyl group of Lmethionine is formed from HCHO originating from natural HCHO generators [4b,4c] . The type of induced resistance determined by the HCHO cycle with the contribution of dynamic, enzymatic methylation demethylation processes, is called biochemical immunization [4a-4c] .
Ascorbigens
[(2-C-(arylmethyl)--L-xylo-3-hexulofurasonic acid -lactones] are natural indole or benzene ring containing derivatives of L-ascorbic acid (Figure 1 ). These compounds are secondary metabolites of Cruciferae vegetables (e.g. cabbage, mustard, Savoy cabbage, etc.), and they are formed by myrosinase enzymes from the corresponding mustard oil glucoside (arylmethylglucosinolates, glucobrassicins) precursors after damage, pathogen attack or during food processing [5a,5b] . Their main representative is the indol derivative ascorbigen (AG). AG constitutes a pool of vitamin C for humans, and Kátay and Tyihák [5e] showed that MeAG, an immunmodulating substance in animal test systems, can be used for biological immunization of barley, bean and wheat plants as well.
The aim of this work was to compare the effect of AG and its N-methylated derivative, MeAG on the disease resistance of bean plants to Uromyces phaseoli, and to study the influence of the induction time on this biological effect.
In our first experiment we compared the effect of AG and MeAG on the disease resistance of bean plants to U. phaseoli after an induction time of two days ( Figure 2 ). AG had no significant effect on the disease resistance of the plants (Figure 2A ). The rate of infection varied between 75.8 and 90.2% of the control. The minimum occurred in response to 10 -8 mol L -1 AG solution and the maximum to the 10 -13 mol L -1 concentration of the AG pretreatment solution.
In contrast with these, MeAG generated the characteristic double immune response of the plants ( Figure 2B ). Two concentration values, 10 -5 and 10 -11 mol L -1 corresponded to significantly decreased rates of infection: 30.2% and 32.5% of the control, respectively. The inactive ranges were characterized by higher infectiveness: 66.7, 71.2 and 70.5% of the control at 10 -3 , 10 -8 and 10 -14 mol L pretreatment concentrations. The value of the average infectiveness (58.0% of the average rate of infection of controls) was significantly lower than after AG pretreatment (81.3% of control). Figure 3 shows the symptoms of the disease caused by U. phaseoli on a leaf of the plant pretreated with 10 -5 mol L -1 (efficacious concentration) MeAG solution (A, 30.2% of control) and of the control plant (B).
In the second experimental series we studied the influence of induction time on the disease resistance of host plants in the bean-U. phaseoli-MeAG experimental system. Results of the first experiment indicated that AG pretreatment did not induce the well known double immune response of plants, i.e., this compound is not capable of the biochemical immunization of plants. Supposing the existence of methylation-demethylation processes in the host plants, we can assume that the very reduced quantity of MeAG formed by partial enzymatic methylation of AG is not sufficient for biochemical immunization of the bean plants. The difference between the average rates of infection can also be interpreted by considering the methylation-demethylation processes: elevated levels of HCHO after MeAG pretreatment means a bigger immunostimulating effect (average rate of infection: 58.0% of control) than after AG pretreatment (81.3% of control).
These results are in accordance with those obtained by Tyihák [4c] after application of dimedone, a HCHOcapturer, together with an N-methylated compound as an inducer for pretreatment of plants resulted in a decreased immunostimulating activity in comparison with pretreatment with the N-methylated compound alone. It can be said that the decrease in the level of HCHO formed from the inducer decreased the immune response of the host plants to pathogens. induction time a larger amount of the inducer is metabolized, that is, the immune responses will be manifest at higher inducer concentrations. It is supposed that MeAG is demethylated in plant tissues due to the effect of demethylases, and thus its effect is indirect. Considering these results together, we can assume that, in the MeAG-bean-U. phaseoli experimental system, MeAG is enzymatically demethylated in the bean tissue. We suppose that HCHO and its reaction products (for example, singlet oxygen, 1 O 2 ; ozone, O 3 ; and excited HCHO [4c]) are responsible for the biochemical immunization of bean plants produced by pretreatment with MeAG. It was proven again that, because of the lack of the N-methyl group, AG did not manifest a significant biological effect in the studied living system.
Our results are in accordance with those referred to the mechanism of action of other biologically active compounds. Recent experimental results obtained by Fourier transformation (FT) Raman and surface-enhanced FT-Raman spectroscopy showed that aflatoxin B1 (AFB1) can be demethylated in the presence of Psm bacterial cells in the BioArena experimental system [6a] . The nascent HCHO and its reaction products can generate different oxidative, harmful reactions, which can play an important role in the antibacterial-toxic effect of AFB1. Janicka and coworkers [6b] established, by use of the BioArena system, that HCHO and its reaction products are crucial in the mechanism of action of thirteen newly synthesized potential herbicides (N-aryl-trichloroacetamides).
Conclusions: Contrary to AG, MeAG induced a double immune response in bean plants to U. phaseoli, and the biochemical immunization of the host plants was accomplished. Our results proved the dose and time dependence of the double immune response in the bean-U. phaseoli-MeAG experimental system. These results reveal the determining role of the N-methyl group of the MeAG molecule in the effect of MeAG, and confirm the assumption that the HCHO formed by continuous demethylation of the MeAG molecules in the host plants and its reaction products may be responsible for the biochemical immunization of bean plants.
Materials and Methods
Authentic AG (98.6 %, TLC) and MeAG (98.9 %, TLC) were synthesized, as previously described [5h].
Bean (Phaseolus vulgaris L., cv. Debreceni Tarka) plants were cultivated in commercial compost in flower-pots in a greenhouse. Three plants were raised in each flower-pot. The two primary leaves of the bean plants were used in our experiments. Three independent experiments were carried out.
Uromyces phaseoli Pers. was maintained on bean plants in a greenhouse. Spores were collected from pustules maintained on the host plants. Pretreatment of plants was carried out by spraying onto the abaxial leaf surface of plants with either aqueous AG or MeAG solutions of different concentrations (10 -2 -10 -14 mol mL -1 ). Plants treated with water were used as controls. Bean plants were inoculated after the induction time period: they were sprayed with an aqueous spore suspension of pathogens 2, 4, and 6 days after pretreatment and then incubated at 22˚C for 24 h.
Evaluation of data was accomplished 7 days after inoculation. Pustules were counted by using a home-made pattern ( Figure 5 ). Disease severity (infection rate, infectiveness) was expressed as the average number of
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Effect of ascorbigens on disease resistance Natural Product Communications Vol. 6 (5) 2011 615 pustules on a 1 cm 2 leaf area. These values were compared with the corresponding values of control plants. The obtained relative infection rate was expressed as a percentage. In order to study the effect of AG and MeAG on the disease resistance of bean plants, the dependence of infection rate on the concentration of either AG or MeAG administered (expressed in logarithmic scale) was examined.
